The etiology remains unknown in many cases of bovine abortion in Switzerland. Bacteria of the Chlamydiales order are known abortive agents, therefore cases of bovine abortion from three representative regions of Switzerland were investigated in this study. Particularly Chlamydiaceae as well as the Chlamydia-like organisms Waddlia and Parachlamydia were of interest, especially because of their possible zoonotic potential. Placenta samples (n=343) were tested for these bacteria by different PCR-methods, immunohistochemistry and serology for Chlamydia abortus. Additionally an attempt for the isolation of Waddlia and Parachlamydia was made by co-cultivation in amoebae. In 67.3% of the 343 cases a necrotizing and/or purulent placentitis was found histologically. By real-time PCR, 0.9% (3/343) of the cases were positive for Waddlia, 13.4% (46/343) positive for Parachlamydia and 14.6% (50/343) positive or questionable positive for Chlamydiaceae. Of these samples, confirmation by immunohistochemistry was possible in 2/3 cases for Waddlia, 25/46 for Parachlamydia and 4/50 for Chlamydiaceae. Of the 50 cases positive or questionable positive for Chlamydiaceae, species-identification by ArrayTube Microarray or 16S rRNA PCR resulted in 41 cases positive for C. abortus whereas the presence of Chlamydia suis was confirmed in four and Chlamydia pecorum in one case. This study brought evidence for the importance of different members of Chlamydiales in different regions of Switzerland although Waddlia is not occurring in a high prevalence. On the other hand mixed infections with different Chlamydiales as well as with other abortigenic agents could be found. 
ArrayTube (AT) Microarray for species identification of Chlamydiaceae 11
Samples that were positive or questionable positive by rt PCR for Chlamydiaceae 
Immunohistochemistry (IHC) 22
All placentas that were positive or questionable by PCR for Chlamydiaceae, Waddlia 23 and Parachlamydia were further investigated by immunohistochemistry for the 24 presence of the respective antigen in formalin-fixed and paraffin-embedded placental 25
specimens.
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Waddlia IHC 2
All cases (n=3) with at least two Ct-values for Waddlia by real-time PCR, were tested 3 by IHC using a specific mouse monoclonal antibody directed against Waddlia at a 4 dilution of 1:2'000. For this investigation the detection kit (Dako ChemMate, Dako, 5
Glostrup, Denmark) was used according to the manufacturer's instructions. Antigen 6 retrieval was performed in citrate buffer (pH 6.0, 98°C) for 20 min. 7
After the primary antibody was incubated for 1h, the endogenous peroxidase activity 8 was inhibited with peroxidase-blocking solution for 5 min at room temperature (RT). 9
The incubation with the link-antibody and the HRP-conjugated streptavidin was 10 performed at RT for 10 min each, after which the slides were developed in 3-amino, 11 9-ethyl-carbazole (AEC) substrate solution for 10 min and then counterstained with 12 hematoxylin. A negative control of each section was performed using only the 13 antibody diluent instead of the primary antibody. For the positive control, cell pellets 14 experimentally infected with Waddlia were used (Borel et al., 2009). 15
Parachlamydia IHC 17
On all cases (n=46) showing at least two Ct-values for Parachlamydia by real-time 18 PCR, immunohistochemistry using a specific mouse monoclonal antibody directed 19 against P. acanthamoebae was performed at a dilution of 1:1'000. The same 20 detection kit (Dako) was used as for the Waddlia IHC and the procedure for the 21 labeling is similar to the procedure described above. For the positive control cell 22 pellets experimentally infected with P. acanthamoebae were used (Borel et al., 23
2009). 24
A c c e p t e d M a n u s c r i p t
9
The presence of chlamydial antigen in paraffin sections was investigated on cases 1 positive or questionable positive for Chlamydiaceae by rt PCR (n=50) using a 2 Chlamydiaceae family-specific mouse monoclonal antibody directed against the 3 chlamydial lipopolysaccharide (LPS, Clone ACI-P, Progen, Heidelberg, Germany). A 4 detection kit (Dako) was used according to the manufacturer's instructions for 5 detection. After deparaffinization in xylene and rehydration through graded ethanol to 6 water, the antigen retrieval was performed by a 10 min enzyme digestion (Proteinase 7 K, Dako). The endogenous peroxidase activity was inhibited as described above, 8 then slides were incubated for 60 min with the primary antibody diluted 1:200 in 9 antibody diluent (Dako). The incubation with the link-antibody and the substrate 10 solution as well as the counterstaining with hematoxylin was performed as described 11 above. Negative control of each section was performed as described above. For the 12 positive control intestinal tissue from gnotobiotic piglets experimentally infected with 13 porcine C. suis strain S45 was used (Guscetti et al., 2000) . 14 15
Serology for Chlamydia abortus 16
All available maternal serum samples (n=128) from the central and the western part 17 of Switzerland were tested with a commercial antibody-detecting ELISA assay 18 (Institute Pourquier, Montpellier, France) specific for C. abortus. This test is validated 19 for cattle, sheep and goats and was performed according to the manufacturer's 20 instructions. The ratio between the corrected optical density (OD) of the sample (S) 21 and the mean corrected density of the positive control (P) determines the final value 22
and is expressed as S/P%. For cattle, sera with an S/P% higher or equal to 100% 23 were interpreted as positive, sera with an S/P% between 90% and 100% were 24 classified as doubtful and sera with an S/P% lower or equal to 90% were considered 25 negative for antibodies against C. abortus.M a n u s c r i p t 
Results

18
Abortion cases 19
The histological investigation of placental tissue from all cases (n=343) resulted in 20 acute necrotizing and/or purulent lesions in 231 cases (67.3%). In 45 cases (13.1%) 21 a vasculitis could be found additionally. 90 cases (26.2%) were not interpretable due 22 to autolysis and in 22 cases (6.4%) no pathological lesions could be found. were from other regions (p-value less than 0.0001). In the remaining 297 cases no 20 cycle treshold value could be achieved in the duplicate or the result could not be 21 reproduced by repetition. Details of cases positive for Parachlamydia are given in 22 Table 2 . 23 M a n u s c r i p t
Of the 343 cases investigated for Chlamydiaceae by rt PCR, 39 cases (11.4%) were 1 considered positive. In 11 more cases (3.2%) the mean Ct values were slightly higher 2 than 38 and considered as questionable positive. 3
The positive samples originated from the eastern (n=26), the central (n=11) and the 4 western part of Switzerland (n=2). The questionable cases originated from the 5 eastern (n=8), the central (n=2) and the western part of Switzerland (n=1). In the 6 remaining 293 cases no cycle treshold value could be achieved in the duplicate or 7 the result could not be reproduced by repetition. Details of cases positive for 8
Chlamydiaceae are given in Table 3 . 9
ArrayTube (AT) Microarray for species identification of Chlamydiaceae 11
Samples that were positive or questionable positive by rt PCR for Chlamydiaceae 12 (n=50) were investigated by the species-specific 23S ArrayTube (AT) microarray. In 13 34/50 cases (68.0%) the presence of C. abortus was confirmed whereas in 3/50 14 (6.0%) cases a double infection with C. abortus and C. suis could be found. One 15 case each (2.0%) revealed C. suis and C. pecorum, respectively. In 11 cases 16 (22.0%) the results were negative. 17
18
16S rRNA PCR and sequencing 19
Cases negative in the AT (n=11) but positive or questionable positive by the rt PCR 20 were further investigated by 16S rRNA PCR and sequencing. In four cases (36.4%) 21 C. abortus was detected whereas for the other seven cases (63.6%) no specific 22 sequence result could be obtained. 
Serology for Chlamydia abortus 18
The maternal serum samples (n=128) investigated with the commercial ELISA assay 19 (Institute Pourquier) all had a ratio S/P% lower to 90% and were therefore considered 20 as negative. 21
Co-cultivation of Waddlia and Parachlamydia in amoebae 23
All amoebal co-cultures (n=12) remained negative. cases showed histologically a purulent and/or necrotizing placentitis but only in four 6 of these cases an additional vasculitis could be found. One case showed no 7 pathological changes in the placenta whereas 9 more could not be interpreted due to 8 autolysis. In contrast to the purulent to necrotizing placentitis including vasculitis that 9 can histologically be found in abortions caused by C. abortus, the prominent feature 10 in placentas infected with Parachlamydia is a necrotizing placentitis without 11 vasculitis. These findings are consistent with the findings in the study of Ruhl et al. In conclusion, the relevance of C. suis and C. pecorum in bovine abortion cases with 20 purulent or necrotizing placentitis remains yet unclear and needs further 21
investigations. 22
In this study mixed infections of C. abortus with the BVDV was found in one case as 23 well as with N. caninum in two cases. Henning et al. (2002) 
isolated N. caninum and 24
Waddlia from an aborted bovine fetus but to our knowledge the combination of these 25 known abortive agents is not described yet. Furthermore there were the three cases Emerg. Infect. Dis. 13, 1904 Dis. 13, -1907 . 11 12 Borel, N., Kempf, E., Hotzel, H., Schubert, E., Torgerson, P., Slickers, P., Ehricht, R., A c c e p t e d M a n u s c r i p t 
